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1 Introduction

Analyzing the poverty and distributional impact of macro events requires under-

standing how shocks or policy changes on the macro level affect household income

and consumption. It is clear that this poses a formidable task, which of course raises

the question of the appropriate methodology to address such questions. This paper

presents one possible approach: A sequential methodology that combines a mac-

roeconomic model with a behavioral micro-simulation. We discuss the merits and

shortcomings of this approach with a focus on developing country applications with

a short to medium run time horizon.1

Most analyses of the poverty and distributional impact of macro shocks have

turned to Computable General Equilibrium (CGE) models, which typically incor-

porate different representative household groups with a given within-group income

distribution. Yet, recent empirical findings on distributional change indicate that

changes within household groups distributions account for an important share of

overall distributional change (Bourguignon et al. 2005a, b). At first sight, an

obvious solution to this problem seems to increase the number of household groups,

or even to incorporate all households from representative household surveys into

This chapter is a re-print of: Lay, J. (2010). Sequential macro-micro modelling with behavioural

microsimulations. International Journal of Microsimulation, 3(1), 24–34.

1Davies (2009) reviews applications linking macro models to micro-simulation models in devel-

oping and transition country contexts. His focus is on the applicability of different types of such

models to specific questions and contexts. A more technical survey including applications is

provided by Colombo (2010) who concentrates on alternative methods to link macro and micro

models.
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the CGE model. Similarly—yet without providing heterogeneous feedback into the

CGE model—micro-accounting techniques on the basis of household survey data

that apply changes in factor prices at the individual level using household survey-

data could be used to increase household heterogeneity. In an assessment of

Russia’s accession to the World Trade Organization (WTO), Harrison et al.

(2000) however find differences in poverty and distributional outcomes between a

model with ten representative household groups and a model with 55,000 house-

holds to be negligible.

Such evidence does not imply that household heterogeneity would not matter for a

true understanding of the poverty and distributional impacts of macroeconomic

shocks. It merely shows that even full heterogeneity of households in terms of factor

endowments and consumption patterns does not make a difference in a standard CGE

model. Microeconomic evidence on the drivers of changes in income distributions

however suggests that applied CGE models (including those combined with

household-survey-based micro-accounting models) may fail for a different reason:

The importance of individual heterogeneity and decisions taken at the individual

level for distributional and poverty outcomes; in other words, the importance of

“individual behavior.” On the labor market, individual decisions include entry into

the labor market, falling into unemployment or switching between sectors or occu-

pations. Of course, CGE models can be extended to include for example unemploy-

ment and/or endogenous labor supply. Yet, in order to capture the income

distribution implications, decisions would have to be taken by “real” individual

household members. This implies to introduce individual “fixed effects” and even-

tually requires the estimation of structural labor market models (Bourguignon et al.

2005a, b) that would need to be integrated in a general equilibrium framework. The

estimation of such structural labor market models is by no means a trivial exercise

and embedding them into a general equilibrium framework an additional challenge.2

This paper presents a less ambitious and more pragmatic approach. The sequen-

tial macro-micro approach that links a macroeconomic model, for example an

applied CGE model, to a behavioral micro-simulation model has two distinguishing

features. First, it is sequential. A counterfactual scenario is generated in the macro

(CGE) model. Then, specific poverty and distribution-relevant link variables, for

example wages and employment, are passed to a micro-simulation model. Second,

the micro-simulation has behavioral components. For the micro-simulation, indi-

vidual and household decisions are modeled using microeconometric techniques on

household and employment survey data. Through the micro-simulation, the com-

bined model hence incorporates individual “fixed effects” into the analysis.

The paper is structured as follows. We first outline some important characteris-

tics of macro models used as part of a sequential model and present a stylized

specification of a labor market that produces the link variables for our illustrative

macro-micro model. We then provide a simple representation of household income

2See Blundell and MaCurdy (1999) for a survey of structural labor supply models and Creedy and

Duncan (2002) for a discussion of their application in micro-simulation models. See Cogneau

(2001) and Cogneau and Robilliard (2001) for attempts to integrate such models into general

equilibrium models.
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generation that forms the core of the of our prototype behavioral micro-simulation.

We describe the simulation mechanics of the micro model. The next section pre-

sents two applications of this approach before we assess its strengths, weaknesses,

and challenges. The final section concludes.

2 A Stylized Macro-Micro Model with a Behavioral Micro-
simulation

2.1 The Macro Model and the Link Variables

The sequential approach presented in this paper requires a macro model that pro-

duces changes in distribution and poverty-relevant (aggregate) variables that are

passed to a micro-simulation model. These variables, which we label “link vari-

ables,” are prices and quantities on factor and goods markets. Link variables from

factor markets include real wages for different types of labor, returns to land and

different types of capital. Factor quantities, for example the sectoral composition of

labor, may also be passed from a macro model to a micro-simulation. Finally, goods

prices and quantities may operate as link variables. The developing country appli-

cations presented in this paper use applied trade-focused CGE models.3 Yet, other

types of macro models with very different foci and features, including other forms

of general equilibrium models (real business cycle models, and stochastic dynamic

general equilibrium models) and macroeconometric models, may be more suitable

in different contexts and for different questions. The illustrative framework

presented in the following is general enough to allow the reader to imagine the

application of a sequential macro-micro approach using very different models both

at the macro and micro level, and different link variables.

If a macro model is built as part of a sequential macro-micro model, its labor

market specification is the key component and will have to be compatible with the

micro-simulation model that we present below. The following representation of a

labor market should be thought of as being embedded, for example, in an applied

multisectoral CGE model that distinguishes between formal and informal produc-

tion sectors. The associated labor markets are assumed to exhibit structural imper-

fections with different clearing mechanisms for these sectors. For the simplicity of

exposition, we abstract from other factors of production and assume that the formal

and informal sector produce the same good. Let total employment be fixed and

assume that factors are fully employed. Hence, total employment will be the sum of

formal and informal employment, L¼ Lf+ Lif. In a simple neoclassical world with

full mobility of labor between formal and informal sectors, wages in the formal and

informal sectors, which produce with different technologies ( ff(L
f), fif(L

if)), will be

the same. Employment in formal and informal sector, respectively, and hence the

3See Robinson (1989) for a survey and van der Mensbrugghe (2003) and Lofgren et al. (2002) for

standard applied model in the tradition of Dervis et al. (1982).

Micro-econometric and Micro-Macro Linked Models: Sequential Macro. . . 119



formal labor share in this economy will be determined by the equation of marginal

labor products in formal and informal sectors, as expressed in Eq. (1).

wf

p
¼ wif

p
¼ f 0f Lf

� � ¼ f 0if Lif
� � ð1Þ

Now assume that different wage setting mechanisms exist: In the formal sector,

wages are rigid, for example due to the presence of bargaining by trade unions or

efficiency wages. This rigidity can be represented by a “wage curve,” as in Eq. (2)

where the real formal sector wage becomes a function of the ratio of formal to

informal employment.

w f

p
¼ g

Lf

L� Lf

� �
ð2Þ

Without unemployment, the informal sector will now absorb the remaining

workforce and the informal sector wage will adjust such that labor demand by the

informal sector equals “residual” labor supply. This is depicted in Fig. 1 below

where Ec illustrates the competitive equilibrium and wc/p0 the corresponding

wage. With WC, the wage curve, the equilibrium wage and employment levels

are represented by E0. The formal sector wage w f
0 =p0 will now be higher than the

informal sector wage wif
0 =p0. Accordingly, formal sector employment Lf

0 will be

lower than in the competitive case Lf
c .

Real wages and employment in formal and informal sector, respectively, con-

stitute the link variables in our illustrative macro-micro model.

w f

p
,
wif

p
, Lf ,Lif

We now consider a policy experiment that shifts formal labor demand and leads

to a new equilibrium in E1. The formal sector wage increases to w1f/p1 and formal

employment to Lf
1 . The informal sector wage will increase as well from wif

0 =p0 to

wif
1 =p1. Hence, the counterfactual values for our link variables4 that will be passed

to the micro-simulation will be

wf
1

p1
,
wif
1

p1
,Lf

1 , L
if
1 :

4With real data, the base values for wages and employment levels will typically not be empirically

consistent between the macro model, i.e. the SAM, and the micro-simulation model. This

inconsistency is “resolved” by passing relative changes from the macro to the micro model.

In the simple representation here for example an x percent increase in formal employment and

a y(z) percent increase in formal (informal) sector wages.
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2.2 A Prototype Income Generation Model: The
Micro-simulation

This section describes a prototype micro-simulation model that can be used in

combination with the above CGE model to simulate the poverty and distributional

impacts of shocks. The basis of the micro-simulation is a household income

generation model that needs to be compatible with the above CGE model. For

good reasons, we avoid the term consistency here and refer to compatibility instead,

as the macro and micro models will not be strictly consistent, neither theoretically

nor empirically. We will return to this very important issue in more detail later. The

household income generation model is estimated from household survey data with

individual-level employment information.

In the micro-simulation, we hence model the household income generation

process.5 This implies that individuals make occupational choices and earn wages

or profits accordingly. These labor market incomes plus exogenous other incomes,

such as transfers and imputed housing rents, comprise household income. The

components of the income generation model are thus an occupational choice and

an earnings model. In the choice model, individual agents can choose between

wage-employment and self-employment.6 We thus ignore labor market

Fig. 1 Formal and informal labor markets. Source: Authors compilation

5The following section borrows from Robilliard et al. (2002). A more detailed discussion of a

similar labor market specification can be found in Alatas and Bourguignon (2005).
6We will use self-employment and informal sector employment interchangeably.
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participation choice in this illustrative model. The occupational choice model is

assumed to be slightly different for household heads other household members.

Once occupational choices are made, earnings are generated accordingly either in

the form of wages or as profits for the self-employed. Being self-employed means

being part of what might be called a “household-enterprise,” in which all self-

employed members of a household pool their incomes. The wage-employment

market is segmented: the wage setting mechanisms are assumed to differ for skilled

and unskilled labor as well as for females and males, which implies that there are

four wage labor market segments.

The following set of equations describes the household income generation

model. Household income Yhh is earned by khh members, who are (and remain)

active on the labor market [Eq. (3) below]. They are active either in the formal (with

DFi¼ 1, a dummy variable for formal sector employment) or informal sector

((DFi� 1)(�1)¼ 1 if DFi¼ 0) and earn the corresponding wages wf
i ,w

if
i . In

addition, the household receives an exogenous nominal income �yhh, for example

transfers or remittances. All these components are real values, i.e. deflated with

prices p. In practice, p will be assumed to be one in the initial situation. Per capital

income yhh is obtained by dividing household income by household size Yhh/hsize
so that (y1, y2, . . . , yn) denotes the distribution of income when each observation is

weighted with household size.

Yhh ¼ 1

p

Xkhh
i¼1

w f
i DFi þ wif

i DFi � 1ð Þ �1ð Þ þ �yhh

� �
ð3Þ

Individual occupational choices—between informal and formal activities—

can be described by the following functions, which are assumed to be different

for household heads (h) and other household members (o). We suppress the

individual index here. Equation (4) shows that the household head’s probability
of being employed in the formal sector is a function of a linear expression

with a constant term ch and personal and household characteristics Xh,

which can include for example education, age, and households composition

variables.

P DFh ¼ 1jXh
� � ¼ gh ch þ Xhαh

� � ð4Þ

The choices of other household members are assumed to depend not only on

their own individual characteristics Xo, but also on the household head’s occupa-
tional choice.

P DFo ¼ 1jXo;DFh
� � ¼ g co þ Xoαo þ γoDFh

� � ð5Þ
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Equations (6) and (7) express wages w in the formal (f) and informal (if) sectors,

respectively, in log-linear form with X, a vector of personal characteristics, and u, a
random error.

ln
w f

p
¼ c f þ Xβ f þ u f ð6Þ

ln
wif

p
¼ cif þ Xβif þ uif ð7Þ

The model just described gives the household income as a non-linear function of

observed and unobserved individual and household characteristics. This function

depends on two sets of parameters, which include the parameters of the wage

equations for informal and formal activities and the parameters in the utility

associated with different occupational choices for household heads and other family

members. The occupational choice equations as well as the corresponding wage

equations can be estimated from standard household survey data. Estimating

Eqs. (4) and (5) using discrete choice models (with dichotomous choices hence

logit or probit models) and (6) and (7) using Ordinary Least Squares (OLS)

(or other adequate estimation techniques7) yields the following parameter vector:

bch; bαh;bco; bαo; γo;bcf ; bβ f ;bcif ; bβ if
� �

:

In addition, we obtain buf and buif as observed residuals from the wage equations.

However, we only observe formal wages for individuals employed in the formal

sector. As the micro-simulation will allow individuals to switch between formal and

informal activities, we simulate a residual for the non-observed wage, here by a

random draw from a normal distribution with the respective (formal or informal)

observed variance.8 We face a similar problem in the latent utility models necessary

to estimate Eqs. (4) and (5). In these models, residuals cannot be observed and are

hence generated from the distribution underlying the respective model, here either a

normal (probit) or logistic (logit) distribution. Residuals have to be drawn consis-

tent with the observed occupational choice, i.e. the utility an observed formal wage

earner relates to formal employment has to be higher than the utility associated with

informal employment. Statistically, this implies to draw these residuals conditional

on the observed choice. These simulated residuals are denoted u1i and u0i. With

7Selection bias is a problem in estimating earnings equations in different sectors/occupations

(corresponding to different labor market choices) that is difficult to resolve. We return to this point

later.
8This number does not have to be a random number. It may be reasonable to assume that the

observed residual has important informational content with regard to unobserved characteristics,

such as ability. A possible alternative to a random draw is then to scale the observed residual in

accordance with the observed variances of formal and informal wages, respectively.

Micro-econometric and Micro-Macro Linked Models: Sequential Macro. . . 123



ind, an indicator function that assumes a value of 1 (0) if the condition in brackets is

(not) fulfilled, we thus have.

DFh
i ¼ ind bch þ Xh

i bαh þ u1i > u0i
� � ð8Þ

DFo
i ¼ ind bco þ Xo

i bαo þ γoDFh þ u1i > u0i
� � ð9Þ

Here DFh
i and DFo

i will hence assume their observed values. This implies that

the sum of these two dummies—defined either for household heads or other

household members—over all individuals will give the total number formal sector

employees Lf
0 , consistent with the initial value of this link variable from the macro

model. This is illustrated in Eq. (10).

Lf
0 ¼

X
hh

Xkhh
i

DFh
i � DFo

i

� � ð10Þ

Accordingly, average wages in the formal sector can be expressed as follows.

wf
0

p
¼

P
hh

Pkhh
i

DFh
i � DFo

i

� � � exp bcf þ Xi
bβ f þ bu f

i

� �h i
Lf
0

ð11Þ

Similar expressions can be written down for informal sector employment and the

corresponding wage, such that we can replicate all link variables in the initial

equilibriumwf
0 ,w

if
0 ,L

f
0 , L

if
0 . Remember that this replication is based on the observed

characteristics of the individuals (all X), unobserved and partially simulated char-

acteristics (all u), and the estimated parameters.

Based on this micro replication of the initial situation, we can now micro-

simulate the distributional and poverty implications of the changes in the link

variables given by the macro model. In the simulation, the link variables
w f
1

p1
,
wif
1

p1
,Lf

1 ,L
if
1 will hence be used as target values. This implies that individual

earnings and occupational choices have to change such that they reproduce these

targets on the aggregate level. There are a number of ways how this can be

achieved. Obviously, the required individual changes in occupational choices can

be obtained by varying the coefficients or the observed or unobserved individual

characteristics. A typical choice in applied micro-simulation models is to vary the

constant(s). Hence, the chosen parameters are adjusted and occupational choices

change accordingly, until the results of the micro-simulation are consistent, at an

aggregate level, with the given aggregates. Formally, the following constraint

describes the consistency requirement where ch1 is the constant in the heads’
occupational choice equation that is consistent with Lf

1 .
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Lf
1¼

X
hh

Xkhh
i

ind ch1þXh
i bαhþu1i>u0i

� �� �� ind bcoþXo
i bαoþγoDFh

1þu1i>u0i
� �� �� 	

ð12Þ

Varying only the constantbch (to ch1) implies that we assume that the macro shock

only induces household heads to switch occupation. Other household members’
occupational choices are only affected through the possible change in the head’s
occupational choice, i.e. in the case of DFh

1 6¼ DFh. As this kind of behavior may

not be realistic, we can alternatively assume that the constants of both the heads and

other household members vary. However, without an additional restriction, changes

in the two constants cannot be uniquely determined. A possible solution is to add a

variable Δ to the constant term. In practice—when such equations are solved for

real households from a household survey—we will typically be able to find a unique

solution for Δ in Eq. (13).

Lf
1 ¼

X
hh

Xkhh
i

ind bch þ Δ
� �þ Xh

i bαh þ u1i > u0i
� �� �

� ind bco þ Δð Þ þ Xo
i bαo þ γoDFh

1 þ u1i > u0i
� �� �
 �

ð13Þ

Using either approach to adjust the constant (or both constants) in the occupa-

tional choices, will thus enable us to replicate the changes in formal as well as

formal employment given by the CGE model. Our very simple income generation

model allows us to proceed step-wise. We first solve for changes in occupational

choices, and simulate wages in the next step. The reason is that wages do not enter

the occupational choices of individuals, as they might in a more complex—or

structural—income generation model. However, changes in occupational choices

enter the equation for aggregate wages, as the (observed and unobserved) charac-

teristics of the individuals in the respective sectors change. As in the case of

occupational choices, we can vary the constants in the respective sectors to equate

wages given by the CGE model and those in the micro-simulation.9 For the formal

sector, this requires Eq. (14) to hold with c f1 , the new formal sector wage equation

constant.

wf
1

p1
¼

P
hh

Pkhh
i

DF1
h
i � DF1

o
i

� � � exp c f1 þ Xi
bβ f þ bu f

i

� �h i
Lf
1

ð14Þ

The equation for the average informal sector wage can be derived accordingly.

The solutions for the constants in the choice Eq. (13) and the wage Eq. (14) can

be obtained using numerical solution algorithms, for example Gauss-Newton tech-

niques. With counterfactual occupational choices and corresponding wages DF1 ,w1,

9Alternatively, we may choose to vary the coefficient for education implying that we expect the

macro shock to affect wages through its impact on returns to education.
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we can now compute the counterfactual household income Y1hh, as illustrated in

Eq. (14). We assume that exogenous transfers �yhh are constant in nominal terms.

Y1hh ¼ 1

p1

Xkhh
i¼1

wf
1iDF1i þ wif

1i DF1i � 1ð Þ �1ð Þ þ �yhh

� �
with DF1

¼ DF1
h
i � DF1

o
i ð15Þ

With constant household size these counterfactual household incomes now yield

a counterfactual income distribution that can be described by (y11, y12, . . . , y1n).

3 Applications

The above prototype macro-micro model is intended to provide an introduction into

the basic mechanics of a macro-micro model with a behavioral micro-simulation.

Which macro model to choose and which transmission channels to highlight

eventually depends on the research or policy question and the context, in which it

is placed. The two applications that we present in the following are based on

recursive-dynamic, trade-focused national CGE models.10 The first application

examines the possible poverty impacts of a Doha round scenario of further multi-

lateral trade negotiations for the case of Brazil. The second assesses the poverty and

distributional implications of the Bolivian gas shock.

As in the above model and most developing country applications, the focus is on

the labor market, as reflected by the link variables that include average wages in

different labor market segments, employment levels and the occupational compo-

sition of employment. The respective specification of the labor market represents

the transmission channels considered to be of particular relevance for the policy and

shock under consideration. The Brazilian model focuses on movements between

agricultural and non-agricultural sectors, while the Bolivian model concentrates on

formal-informal segmentation in the urban labor market. In both applications, the

labor market is further segmented along skill levels.

The micro-simulation models used in the subsequent applications share the

reduced-form character of the above prototype model. Employment volumes in

the respective labor market segments, for example unskilled agricultural employ-

ment, and wages are adjusted according to the results from the macro model. These

adjustments are not triggered by individual responses to prices, for example relative

wages—as they would in a (more) structural labor market model. As above,

adjustments are obtained by changing the parameters of the estimated household

income generation model.

10See van der Mensbrugghe (2003) for a technical description of the basic characteristics of the

CGE model used in both applications.
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3.1 The Poverty Impacts of Trade Liberalization in Brazil

Using this type of sequential model, Bussolo et al. (2006) ex-ante assess the poverty

and distributional impacts of different uni- and multilateral trade liberalization

scenarios for Brazil.11 The labor market specification of the CGE model distin-

guishes between skilled and unskilled labor. While skilled workers are fully mobile

across sectors, the labor market for the unskilled is segmented between agriculture

and non-agriculture. This dual labor market for unskilled workers is modeled

following a simple Harris-Todaro specification where the decision to migrate is a

function of expected income in the non-agricultural sectors relative to the expected

income in the agricultural sectors.

The micro model is linked to the macro model through changes in the following

set of variables: First, changes in agricultural and non-agricultural labor income of

unskilled labor; second, changes in labor income of skilled labor; third, changes in

the sectoral (agriculture vs. non-agriculture) composition of the unskilled work-

force. In addition, the micro-simulation takes into account that unskilled and skilled

labor supplies grow at different rates. These rates—also assumed to be exogenous

in the CGE model—are derived from past trends of labor supply growth in the

respective categories.

In accordance with the structure of the CGE model, the micro model thus

simulates the decision to move from agriculture into non-agricultural sectors

(or vice versa) only for unskilled workers. This simulation is based on a sectoral

mover-stayer model that is estimated for heads and non-heads separately—as in the

above prototype model. For this estimation, Bussolo et al. (2006) make use of a

distinguishing feature of the PNAD.12 In contrast to many other household surveys,

the PNAD provides information on employment histories, which allows the authors

to identify movers between sectors and their characteristics at the time of moving.

These characteristics include the type of land right the movers held or whether they

were self-employed before they moved out of agriculture. These characteristics

enter as explanatory variables into the mover-stayer model. As in the prototype

model, the household income generation model is completed by Mincer-type wage

equations for unskilled labor in agriculture and non-agriculture as well as for skilled

labor. Individual labor incomes are aggregated as described above.

The mover-stayer model can be used to illustrate the behavioral content of the

micro-simulation model. For example, Bussolo et al. (2006) find a strong negative

influence of own landholdings on the propensity to move. In contrast, higher

educational achievements are making individuals more likely to move into

non-agricultural employment. In addition, occupational choices of members of

the same household are strongly correlated. In the simulation, individuals with no

11Changes in global prices and trade flows following multilateral liberalization scenarios are

derived from global models. For details see Bussolo et al. (2006).
12The Pesquisa Nacional por Amostra de Domicı́lios (PNAD) is a regularly conducted represen-

tative household survey
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landholdings, better education and—in case of non-household heads—and moving

household heads will hence be the first ones to move from agriculture into

non-agricultural employment. Which individuals (landless, but better educated)

move first, can make a difference in distributional outcomes. The movers’ charac-
teristics will determine the composition of those who remain in agriculture (more

with own landholdings, but less educated) as well the earning prospects in the

non-agricultural sector (ceteris paribus better with better education).

With these components, the micro-simulation involves two steps: First,

unskilled labor moves out of agriculture until the new share of unskilled labor in

agriculture given by the CGE is reproduced. Second, wages/profits are adjusted

according to the CGE results taking into account the sectoral movements of

unskilled labor from agriculture into non-agricultural sectors. Adjustments are

achieved through the same procedures as in the above prototype model, i.e. the

computation of new constants in the choice and wage equations, respectively, using

numerical solution algorithms.

The analysis suggests that the economic effects of multilateral liberalization are

rather limited for Brazil. Accordingly, poverty would remain largely unaffected by

such reforms. In contrast, a full liberalization scenario implies quite substantial

welfare gains that are concentrated among some of the poorest groups of the

country, in particular those in agriculture. This scenario is also most interesting

from a methodological viewpoint, as it highlights the benefits of a behavioral

micro-simulation. Under full liberalization, the rural poor benefit more than pro-

portionately, a result driven—on the macro level—by an export boom in agriculture

and agricultural processing industries, growing labor demand and associated higher

wages. However, following full liberalization, a larger number of workers remain in

agriculture compared to the baseline scenario. Given that moving out of agriculture

may substantially improve the income situation of a household, one may expect full

liberalization to weaken poverty reduction, an expectation supported by the obser-

vation that moving households are on average poorer than those remaining in

agriculture (for example because they are landless). However, this is not the case,

as the gain in agricultural incomes more than compensates the reduced benefits

from lower migration flows (for example because they are better educated than

those who stay in agriculture).

3.2 The Poverty Impacts of the Bolivian Gas Boom

Lay et al. (2008) examine the poverty effects of the gas boom Bolivia experienced

in the late 1990s and early 2000s. Their analysis attempts to disentangle the effects

of the resource-boom/bust from other shocks that the Bolivian economy experi-

enced at the same time. The market for unskilled labor is segmented between rural

and urban areas. The two segments are linked through rural-urban migration,

modeled as in the Brazilian case as a function of the corresponding wage differen-

tial. In contrast, skilled labor is assumed to be fully mobile across all production
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sectors. Within the urban economy, unskilled workers are mobile between formal

and informal sectors, but wage differentials observed in the base period are

assumed to persist. These differentials point to systematically lower labor produc-

tivity in informal sectors.

Almost as in the prototype model, the macro model is linked to the micro-

simulation through the following set of variables: (1) the share of unskilled workers

in the formal sector, (2) the share of skilled workers in the formal sector, (3) mean

wages for skilled workers, (4) mean wages for unskilled workers, and (5) mean

informal profits.13 Informal profits are understood as mixed income received by

self-employed workers. Accordingly, they are calculated as the sum of skilled and

unskilled labor income as well as informal capital income.

The two basic components of the income generation model in the Bolivian

application are again a model of occupational choices that represents the choice

between formal and informal employment as well as earnings functions that

correspond to the respective sector of employment. Employment is assumed to be

informal if the individual is self-employed/non-remunerated household member

and/or works in an enterprise with less than five employees. If individuals happen to

be in (or switch to) the formal sector they are assumed to earn a wage, whereas

individuals in the informal sector are assumed to be (or become) part of a household

enterprise and contribute to the profits earned by this enterprise. The choice

between informal and formal activities is modeled separately for household

heads, spouses, and other household members. In contrast to the above specifica-

tions, the equations of the choice model are interrelated through the head’s wage
(and choice) that enters the occupational choice model of spouses and other

household members. Again, occupational choices are hence assumed to be sequen-

tial with the household head deciding first. In line with the CGE model, the micro-

simulation distinguishes between unskilled and skilled labor. Separate wage equa-

tions for skilled and unskilled labor, respectively, hence describe earnings for

individuals employed in the formal sector.14 The micro-simulation again adjusts

the constants to produce counterfactual occupational choices, earnings, and, even-

tually, household incomes and the corresponding distribution of income.

As in the Brazilian case, the micro-simulation reveals the importance of indi-

vidual characteristics that determine the sign and the strength of distributional

change. Lay et al. (2008) find that—for both unskilled and skilled labor—the

very poor are affected most by increasing informality. These results can be ratio-

nalized by looking at, first, who moves into informality and, second, the size of the

income loss for movers relative to both their initial income and the income losses

incurred by other individuals. The size of the income loss depends on individual

13The authors note on formal profits (Lay et al. 2008): “Although formal profits account for an

important share in value added, they are not passed to the micro-simulation for two reasons. First,

most formal profits are retained and invested. Second, capital income is likely to be measured very

poorly in household surveys. As formal profits increase considerably during the gas boom, we may

systematically ignore an inequality-increasing factor.”
14Rural incomes are taken into account through a simple micro-accounting exercise.
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characteristics (as the returns to these characteristics differ between formal and

informal activities) and on whether an individual joins an already existing house-

hold enterprise or establishes a new one. The estimation, which underlies the micro-

simulation, shows that less educated younger (and hence poorer) individuals tend to

move into informality first. With regard to the size of the income losses, the

estimation results for wages and profit functions indicate that the income loss of

moving into informality is higher for more educated individuals, at least in absolute

terms, when they move into an existing household enterprise. However, it may also

happen that establishing an informal enterprise increases earnings for a skilled

individual—conditional of course on other individual characteristics. For an

unskilled individual, by contrast, moving into informality will always imply an

income loss.

Overall, Lay et al. (2008) find that the gas boom has both unequalising and

equalising distributional impacts that tend to offset each other. As net distributional

change is limited, growth generated by the boom also reduces poverty and the boom

hence does not completely bypass the poorer parts of the Bolivian population.

Poverty reduction with little distributional change can be observed despite increas-

ing informality. Additional stylized micro-simulations by Lay et al. (2008) illustrate

that lower formal employment can lead to a significant rise in urban poverty and

that the very poor are affected most by increasing informality. Yet, considerable

overall increases in informal profits compensate this possible negative impact.

3.3 Strengths and Weaknesses

The macro-micro approach presented above and illustrated by the two case studies

brings together two strands of literature, macro models, here applied CGE models,

on the one hand, and microeconometric poverty and distributional analyses, on the

other, which were largely separated from each other. While CGE analyses tend to

suffer from being too stylized and not being well informed by micro data, poverty

and distributional analyses are often merely descriptive and lack an assessment of

the causes of distributional change and the related transmission channels. The

sequential approach that combines a CGE model and a behavioral micro-simulation

attempts to get the best out of these two “modeling worlds.”15

A general advantage of a sequential over more complex models is its tractability:

While it remains tractable both at the macro and the micro level, it still allows for

sufficiently detailed and disaggregated analyses. This is of course more so when the

micro model has behavioral components. The case studies above have illustrated

the value added of introducing behavior or “individual fixed effects” into the micro-

simulation model. In such a micro-simulation, the poverty and distributional impact

of policies, as in reality, depend on the characteristics of the households or even

individuals.

15This section borrows heavily from Lay (2007).

130 J. Lay



However, getting the best of two fairly different modeling worlds comes at the

cost of a lack of both theoretical and empirical consistency. Sequentially combining

a macro and micro model typically implies the imposition of a number of ad-hoc

assumptions that are not satisfying from a theoretical perspective. While the

“degree of consistency” between the macro and the micro model however differs

between applications, the combined model will lack the theoretical consistency of a

general equilibrium model and it is difficult—if not impossible—to resolve all the

data discrepancies between national accounts, on the one hand, and household

survey data, on the other. Individual responses from estimated relationships may

not be conforming to theoretical expectations and the combined model may have

leakages—in contrast to the consistent system of flows of an applied CGE model.

Theoretically, changes in the behavior of economic agents are driven by relative

price changes, whereas the micro-simulation typically only features a reduced-form

representation of labor market behavior where prices do not appear as explanatory

variables. Empirically, problems arise from the large differences in national

accounts and household data, in particular with regard to labor value added,

although some authors, e.g. Robilliard et al. (2002), manipulate survey weights to

reach “empirical consistency.”

Furthermore, quite a few economists may argue that the combination of an

applied CGE model with a micro-simulation based on a reduced-form labor market

representation may not be a good idea after all. Both types of models suffer from

serious shortcomings and combining the two may compound these problems by

adding new problems and distracting the researcher from the shortcomings of the

“single” models. This is a critique that should be taken seriously. From our own

experience in building sequential models, we have become increasingly aware that

the additional problems that arise from combining the models, for example in terms

of empirical consistency, leave less time for the scrutiny needed to estimate a

household income generation model from household survey data or less time to

do the sensitivity analyses so often called for in applied CGE analyses (Harrison

et al. 1993). We therefore dedicate the following paragraphs to the weaknesses of

the single components of a combined macro-micro model without, however,

forgetting about their strengths.

The shortcomings of the income generation models are very specific to the

respective application and they are discussed at length elsewhere, for example in

Bourguignon et al. (2005b). We just want to highlight two typical problems:

Selectivity and parameter validity. Estimating earnings equations that correspond

to different sectoral or occupational choices entail selection problems. In the

presence of unobserved heterogeneity, for example in terms of entrepreneurial

ability, it is fairly likely the same unobserved characteristics that make you choose

a specific sector also determine the earnings in the respective sector. This selection

on unobservables biases the coefficients of an Ordinary Least Squares estimation of

the respective equations and would have to be accounted for. It is not trivial to

correct for selectivity bias, although the so-called Heckman correction or one of its

variants is very common in applied work. To be empirically valid, however, an

instrument is needed that explains the sectoral choice, but not earnings in the

respective sectors. Such a variable is typically very difficult to find.
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There may also be reasons for challenging the validity of the estimated param-

eters in the household income generation model. Typically, the behavioral equa-

tions, e.g. those governing occupational choices, are estimated from cross-sectional

data. It is hence assumed that the observed variation in behavior between individ-

uals is used to simulate behavioral change of (other) individuals in time, for

example in the Bolivian case study.16 The Brazilian model relies on employment

histories and therefore avoids this problem, but the type of information used reflects

to a certain extent short-term behavior. Even if panel data was available, constant

parameters would have to be assumed for the simulation period, which apparently

becomes an increasingly problematic assumption the longer time horizon of the

analysis.

Despite these problems, micro-simulation models based on household income

generation models provide a powerful tool to assess the final distributional impact

of changes in “distributional drivers,” as they reflect the welfare implications of

discrete changes in individual behavior, such as labor market entry or sectoral

movements. The impact of individual transitions out of agriculture in the Brazil

study demonstrates the possible magnitude of these discrete individual changes on

household welfare. Finally, it should be stressed that the household income gener-

ation models of the type presented in this paper have been shown to do fairly well in

reproducing historical patterns of poverty and distributional change (Lay 2007).

The applications from above both use CGE models to trace the transmission

channels and quantify the magnitude of the effects of the respective shock.

Although widely applied, these models have been criticized for a number of

reasons. Analytically, most CGE models rely on the neoclassical framework,

although a number of structural characteristics and rigidities are incorporated in

most developing country applications. Whether and how structural characteristics

and rigidities are taken into account differs between country applications and the

research question at hand, as illustrated by the case studies above. Two areas where

applied CGE models do not capture the economic realities very well, are the rural

and the urban informal sector. It is well known that neoclassical price setting and

supply responses in agriculture, is at best a very rough approximation of the reality

in most developing countries. In addition, disaggregated input-output data for

agriculture are typically not available and agricultural surveys suffer from a lot of

problems related to measurement, seasonality, and temporary shocks. Furthermore,

the insights from agricultural household models regarding non-separability of

production and consumption in rural households (Singh et al. 1986) have not yet

entered standard models.17 More research effort also needs to be dedicated to

modeling the informal urban sector. Its heterogeneity in terms of technology,

16Although this assumption seems to be very restrictive, it can be plausibly made e.g. in the

context of occupational choices, which are explained mainly by individual educational attainment,

age, and household composition variables.
17See Lofgren and Robinson (1999), who integrate a rural household model into a standard CGE

model, for an exception.
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import penetration, export orientation, and linkages to the formal sector are not

reflected in applied CGE models.

However, even with all these improvements, eventually the results of a CGE

model will be driven by the assumptions made.18 Econometricians challenge the

empirical relevance of applied CGE models on grounds of the calibration technique

based on very restricted functional forms, typically (nested) CES functions.

McKitrick (1998) shows the choice of the functional form to make a considerable

difference in the results. Yet, in the developing country context, data to estimate

these functions is typically not available and the calibration approach overcomes

these data restrictions. Furthermore, it is well known that model results are very

sensitive to the assumed trade and production elasticities. Harrison et al. (1993)

therefore suggest to perform systematic sensitivity analyses and to provide confi-

dence intervals for the results. Such sensitivity analyses, however, are not common

in applied work.

Finally, an assessment of the validity of CGE model results also depends on the

purpose of the model. If the analysis is expected to provide a precise numerical

estimate of the effects of a specific policy change, the above criticisms have to be

taken very seriously. In contrast, if CGE models are seen as a rather stylized, yet

empirically underpinned, analytical tool to better understand the transmission

channels of a shock through counterfactual analysis and approximate their relative

importance, the critique is less relevant. This is not to say that the numbers resulting

from CGE models are without meaning. They should be taken as the results of a

model, given a specific set of assumptions.19

4 Conclusions

We have presented and discussed a sequential methodology that combines a

macroeconomic CGE model with a behavioral micro-simulation. More specifically,

we have shown how micro-simulations based on household income generation

models allow the researcher to incorporate individual fixed effects into macro-

micro analysis. This is achieved by linking aggregate drivers of poverty and

distributional change, such as wages and sectoral employment, to a micro-

simulation that is being “forced” to reproduce the changes given by the macro

18See De Maio et al. (1999) and the reply by Sahn et al. (1999) for an exemplary discussion on

specific aspects of CGE models applied to developing countries. These aspects include the

macroeconomic and labor market closures as well as the assumption on price setting mechanisms.

De Maio et al. (1999) challenge the results of a study by Sahn et al. (1997) on the poverty impacts

of structural adjustment in Sub-Saharan Africa as reflecting only the assumptions made in the CGE

models, and not reality.
19In some CGE applications, including some of those presented in this paper, there is a tendency to

treat CGE results as forecasts.
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model. We also explain common empirical operationalizations of this link and the

micro-simulation procedures commonly used in the literature.

The presented sequential macro-micro approach has been illustrated using two

case studies that examine the poverty and distributional impact of macroeconomic

shocks, the typical research and policy research to which this kind of model is and

should be applied. Examples from these applications have demonstrated the impor-

tance of individual heterogeneity in the analysis of these shocks and have

underpinned the value added of such methods with behavioral components.

Beyond its ability to capture individual heterogeneity, one of the merits of the

approach is its flexibility. However, this flexibility—embodied in a number of fairly

ad-hoc assumptions—comes at the cost of theoretical inconsistency. While the

macro models rely on consistent theoretical frameworks, the reduced-form models

underlying the micro-simulation do not fulfill the requirements, for example in

terms of functional forms. Furthermore, empirical inconsistency between national

accounts and household survey data that becomes apparent in macro-micro appli-

cations is known to be notorious (Round 2003; Robilliard and Robinson 2003).

Finally, we have argued that combining an applied CGE model and a micro-

simulation model does not resolve the problems associated to either of those

techniques. These problems include a number of typical microeconometric prob-

lems that arise from the estimation of income generation models, the basis of the

micro-simulation model. Similarly, CGE models suffer from well-known, often-

discussed, but less frequently addressed shortcomings. Despite these problems and

challenges, the alternative to the proposed models can only be a general equilibrium

model that incorporates heterogeneous individuals. As argued in the introduction,

researchers are still far from building an applied model based on a micro-based

general equilibrium theory. On the route to building such a model, it may be helpful

to improve existing macro-micro models through more and better validation exer-

cises. In addition, micro-simulations may also be linked to more different types of

general equilibrium models with a more explicit focus on the operation of labor

markets.
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